An acid induced conformational transition of denatured cytochrome c in urea and guanidine hydrochloride solutions.
Previous work has shown that at neutral pH ferricytochrome c (horse heart) retains certain residual structures in concentrated solutions of urea or guanidine hydrochloride (Tsong, T. Y. (1974), J. Biol. Chem. 249, 1988). Present studies reveal that cooperative unfolding of these residual structures can be achieved by acidification of the protein to pH 4 in 9 M urea but can only be partially achieved in a 6 M guanidine hydrochloride solution. The evidence that the residual structures unfold in 9 M urea upon acidification is twofold. (1) Further uncoupling of the Trp-59-heme interaction occurs; this is reflected in the intensification of the tryptophan fluorescence from 55 to 90 percent relative to that of free tryptophan in the same solvent. (2) The intrinsic viscosity of the protein solution increases from 15.0 to 21 ml/g. The acidification also induces a spin-state transformation of the heme group at pH 5 both in urea and in guanidine hydrochloride. Acidic titration of the protein in urea and guanidine hydrochloride indicates that the unfolding involves the absorption of a single proton. However, the kinetics of the spin-state transformation are triphasic. These results suggest that the displacement of the ligand His-18 by a solvent molecule and the subsequent disintegration of the residual structures are complex processes and involve at least three kinetic steps. The ineffectiveness of guanidine hydrochloride as a denaturant for ferricytochrome c is shown to be due to the presence of the high concentration of Cl minus which can stabilize certain elements of the protein structure.